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MB. 

#?/«fitliA^*^ft:St ^^^^Lr, :tfiJ'>M. (G a ) . 
T/u^^^'J'A (A I ) , (B) ioit/-^' A 

(In) ;'j-b''<cSSP(iO^ i t, iffiro I i i Sstc 

^t^* (N) t^^irl I im-r^ h7-Y Kfb^ife^^' 
Wf*^ /j^ffM $ tLTfig 5 - i <k f •5ff *:3S 1 lEtt 

wm t -r ■sit *ii 4 (^te«<:o4^jgf$?WBi„ 
[i»*3i7] m^mm^K mt^m (s i o 

[ft*ri8i mummAK mt^^B<D^'j i^j^-r^ hy 
[ii*riio] mm±A^. mm<Dyr±yhr-mf\^ 
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^ ^ffl 1/ ^fcSf^tt'f :t>:^yf--^ viz J; 5 - i ^Itm <!: 

1)^:7^ (Ga) , T/US^^-i^ (A 1) , ^-^^ (B) 
t5J;t>V ^i^^ A (In) /j-?j/iSS*<0 9 *>'>4^< i: t> 

I imy^mtmrn (n) ir^-^tfi i 
20 (ift*rsi6i mmm^!$.-S:m^^^m'W-m^. :ff'j 

t^-l^ (Ga) i:^^ (N) i^-^tfl I li^^i- hT-f 
[ft*ili8l mt^mRif^. -^y r 4T\z^^:Lt^ 

mmt-r^%%i^^ \ Q>kz%m.(D^m-wmm(n^^-)jmo 
[tt*«i 9] m'^m.m.t-. m\L^^ cs i o (cj; 

30 5:1 tSr!|#m<!:-r.5lf*rli 0}C|E«cCOi|^a|tf$:?f|^ro||l 

[I»*ri2 2] S1g±(;. ilW;^)c«(cJ;or1ii5:co7 
mmy r-t y h(i, HuteTi:te¥j^^Jl<75iaMElc*)-LT 

gomjfEieMffiictii^ffi 0 :f3i^izf^S:-ri>mm^!mxf^ 
50 ^mzmir^oJjf^izmm^^i., ti^f-r-sp'r-fe s/ h 
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2 2(^tB«c(7)*#f*^»flI(^Mig*So 
[IS*ri 2 6 1 mJf£iltR;*«i- X o Tliificco :7 r ir :y 

D^J^ (Ga) . T/U^^'^A (A 1 ) . Ti^^m (B) 

:foi:t>V >'v^'>i^ (In) yj>h^j:^nco^'h'P-^^< th 

IffiOI I lS^lx:^<t^^ (N) t^-^tJ^l I li^:^^ 

wf^t-r^Bmm2 2mm(y:>^mi^mm(Dm^^jjmo 

'y'i^ (Ga) <b^^ (N) t ^^ts I I I S^-:^-^ h^-f 

KfL^ft^igf$(c J: o Tff^/^g-r 5 <^ t:Wm tir^mm 

w\3xt'r^nmm2 2{ctm(D^mi^mm(Dmm:^&o 
umms 1] mmmmK mitmm (s i o {zx 
z t ^¥fmt-t :bnmm2 2{zmm(D^mwMm(Dm 

K(cj:5::<^^4#m<t-t-^lt*^S2 2(Dt^m<D^m 

Mj^^titLzt^m^t-r^mMm2 2(Dtm<D^^mi^ 
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t^:^ir^^\^^^mm^'^\^X'BfiSL^titizt^W&it 
m^m 3 6 ] mUTm^mwrn t . mmm^i^&m 

[fS>Ril3 7] HuteTtiH^^^^ . flute 

a) , T/U^^^i^ (A 1) . ^•J'^ (B) :joJ:t>V>' 

10 v^-J^A ( I n) /j^^»/ce^S^t0 9^^^^ce< 1 1 laco I I 

ll&.imt'mM (N) <h^^t^l I Vy-^ KfL 

3 4fe«c(D^2gft^^, 

tif*ii3 9] mumm^. '^yT^rx^fj:^zt 
20 [M*ii4o] mmmmyjK mitmm (s io 
[ft*ii4 1] mmmmjK m'^^B(D:^^v ^j^-r^ h 

wi^yr-^y h{x. m^T^^m^w^mmm.mz.n\^x 

mmTm^mi^mo^yr-^yvt^hmzTm-^^mw- 
mcommimmcm^f^ 0 ^\^\cf^^'thm^^'i^x^ 
^^•^x%%m^f&^m^^^mw^m(Dmm%^{tLtmttT 
40 m^mv^m(oyr-^y hf^^hm^Tm^m^mcommi^ 

ij-hconmmiLt^'^v.x. mm^immt^jL-f^u^ 
9t^L7t^i:^4$m^i-^is*ii4 3kztm(o^m-Vfm 
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V^J^ (Ga) . r/W^:::^^^ (Al) . ^-^^ (B) 
^XXf^l^i^^J^ (In) 7b^^fj:^m<D^-h(>^j:< th 

iiiooi I imjcmtrnm (n) t^t:tj^i i im-r^ 

(Ga) c!:^^ (N) t^^ts^l I im-t-C h^-f 

[is*ii5 2] ntimmmK mitmm (s i o ^cx 

F{z.x^zt^wmtir^m-^m4 3(D^m(o^m 
[fs*ri5 4i mmrm^mi^m^K mmmm^mm 

(c s ft 1$:^ L r ff^^ig ^ tL ^ <t ^ <t i- ^ IS*iS 5 5 ( c 
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^ ^ffl^^^rff^^-raxST'fe^ • <h-r^t« 

y^J^ (Ga) . T/l'^::^^M. (A 1 ) . ^-^^ (B) 
:feJ:t>''Y:/v^^7A (In) 70^b^cCSS¥<7)9 ■^^i'^^C< <i: t> 

ificoi I im^mtmm (n) ^^-^tx^i i im-r^ 

(Ga) b^MM (N) (t^-^ipl I li^-:!-^ h^-r 

20 IS 5 5 (C|att(7)^agf$:^^(7)®iig;^?i„ 

[If *ri 6 2 1 HfrtSiltRi*SSiZ.^^«ft:@ ^^M^ 
J: oT/tScM-T 6 ^ ^4#m^-r^ft*3S 5 5 (cte 

[ff5l^il6 3] mjtestg/j^. ■^yT^r\zx^z,t^ 

[fi>R3:i6 4] m^mm^. m^WL^m (s i o tcj: 




[0 0 0 1] 
[0 0 0 2] 

[tAe^feCOSflfl i>r¥. A 1 G a I n N^j:t(D I I I S^-^ 

^ -T' Tfe ^ t# 5 r. ^ -T:' # ^ I- - -^^m it 

K (Light Emitting Diode ; LED) 4^ (^^'(7)^#f$ 

[0 0 0 3] ftiaX'fi, A I G a I nN^^?»ft:u — if 

h^-r K (G a N) J; (9 4^^^<:y :7ze^^Lr I I I 
M'^tS/S:^ (Metal OrganicChemical Vapor Deposition 

;MocvD) mz.x.^fi^^^^^zt\z^^^ 

0 om^(omm.^ut'^mf&^nx\^^^ (jpn. 

J. Appl.Phys. 35174(1996) ; P1*36L1059 (l997))o 

[0 0 0 4] L/j^L. {^m\z.x.^W)'m.j±(om^m^^^ 

m'^m{t^^m.7^mi)K ixio^ -1x109 m/c 
m2 ^m<Dnmm\iL miiLtKUkm^m^Hx'i^^B^^m 
^M^mm ^m\^x\^^^z.t:^^^^hti^„ L>t2)s 
or. i:^B#rdiJL^±(7:>^ffl6^»^^^5a-r6yhis6fc(i. 

[0 0 0 5] m:^it. ^<D—r>{ca^ '^yr-<rm^<D 

±iC/<'y7re^^LrG a NJiSrff^i^jcL. ^<D±{Z1 

--4 m-nm(^:^^ik(D2mit^/^m (s i 02 ) J: 19 4^5 

7 iim(D\^'^y^xnmi.fzmmmm(o-^y^^ 
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iSSfe-^, MOC VDfetCj: <9 G a Njl^«:^f^(CiltR 

6^ {Zf^M ^ it 5 ::^ffi7i»'''g^ $ tin ^ 5 (Jpn . J . Appl . Phy 
S.36 1899(1997) J. Appl.Phys. 71. 2638(1997)). Z(DX 

oiz^ mmm^co^y.^mm(^mou^mcxmth-r^ 

G a Nmyj-^hG a N ^mtKr&M^'^^^ Z t {Z X oX ^ 
^/i±{C||Ltgo-rG a N^^f*g^1t*-f^(cW/*-r^ 
S i O2 -^^i^'iiJit^jott^G a Nil 

<7)S[iatef4<^«'S{i. 1X1 0^ fl§/cm2 mmz-^x 
[0 0 0 6] ^LT. z(Djjm^m\^^xmM\^timm± 

<7). A 1 G a I nN^.^#{$lx- if^T-^MI^^it^C 

<!:(cj:'9, 11 5 omm^±(Dmm^m^^m^^-^^ 

Z tyj^"fWzfj:-:>X^X^^^ (Journal of Crystal Gro 
wth, vol. 189-190 p.820-5(1998))o 
[0 0 0 7] 

y^ ^ m^m^^tzm^f^wmz. x o r L/c^^f^g 

20 *^o. 4° —0. 5° m^(D'r^-f)-^\:^^^zti)-. 
h (Dm^mkz x^xmh mz o Tto 

[0 0 0 8] -^LT. z(DXo{c'i^^^:}jmz'rzi^^-t 

'^^B^(D'rM^\^^-t^zt\zfj:K^ ^ m'^(Dm^(D^ 

[0 0 0 9] irt^t>^^ JiizELy-cJ: G a N^^*2f. 

cmwM^m^thx\^^^t^. zthhcommt,. z(o±.\iZ 

[0 0 10] ^:i'<::\ fitiaiU/cJ: %^mzWM^. 
iiLt^^^-r^G a ^m^^<yy rM^-SVl^X^y r ^ T 
Stfi$?^^/^^1S i CS«±fc?f$/*L. Z(D±.{z^ s^co 
S i O 2 (cJ:^'7;^^il^F>fT^or«1Pi^t>o-rjf^;«L7t 

mz^ z(o^')k^:^^mm(o?Mu%^m\:^xG ^nm^ 
[0 0 11] z(DXo\z^ cm^^B:)imz'rtLij^±\L^ 

<D\X. GaN;6SSi02 ^ ±^1ll:^I^;«fi-r 5^ 
(c. s i02 •^;^^®±T'li. Pn|fP{;:it-<SS^Bfi)cS<7:> 
')^\^\Z'rM>±\:.^fzisbXh^. 
50 [0 0 1 2] ^LT. *:|§0.^^bcoigigm^SiS&^ft. 



(6) 
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^<Dm^. ^t^S i 02 '^:^i:^(Dj7mt. < 1 1 - 2 0 

>::^i^T\ m#£o:^^. < 1 - 1 0 0 >:*-f^(c^^Lfc 

Si^^Zt^cfj:^, 10 
[0 0 13] L/j^L?c^7?>^b. ::fDS i 02 

[0 0 141 ztL^zML. -4^mmmhit. m.M. 

[00151 20 

t^x^ 

[00 161 :^mmiz.j:^^mitMmn. m^co^r-^ 30 

X mn-r ^ ® tc j: o xmf^ ^ti^^ 
[0 0 171 -^/c. ^mmicx^^mi^m'^^t. 
yr±y hmm^titcTm^mi^mt. z<DTm^^m 

[0 0 18] ^fc. :^mm^<z.x^^^mi^mm:it. ±a!L 

[0 0 191 ±iil!oo^?^-f$3?ei. ^?^f$:^-7-*DJ:I/^?S 



(0 0 2 01 z^:^mmm^^:)5mzx^m\(om^:)vm 

#($^±(CiltR/SftMiA;2^^2g<$:;i t' ^ yufijc 
[0 0 2 1 ] ^/c, *^P^Mit:^ffi<7)ll2(D84^^;^ffi 

alJ^/S-i:l^t:>fr^'2)E LO (Epitaxy Laterally Over 

growth) {z^^xyr'^y h ^m-t^Tm^m^m 
;?jcL. ^m^\^xmi^f&S:m^^^mPfm(D=n\::^ 

^ ^iy\ j^f&^^'il 0 o 

[0 0 2 2] ±.m\-^fzX,okz^ *|gP>^{cJ:5¥2^<*?l? 

ft#:gL. ^^■ir^yr-^yVij-h(Dnmtn\tLt^^\^ 

X. Tm'=^mwm(o^im^t^jL-t^:h\^\zmm^^i. 
[0 0 2 3 1 ^fc. *^0jT'«i. s i 02 mco-ry^^t^ 

[0 0 2 4] ^LT. *l§P^(cJ:5^^gf**^^¥«f$ 

t^tg« (Wj^tSisg) ^«;?i<:-r6:ii:(cj;ori|#'tt(:i-rc 

So 

[0 0 2 5] 1^. :^^m\z^[^:by7-^yh(Dnm-t. 

^xa. ±fz^^:^-±ii^{^fznma^m-t^nmxh<^ 
x^(D-^^^\.^^t±mziDfz^xm'7^m^ Ltzmtfj: 

[0 0 2 6] 

yT±y hi:^^^m^^\^tifzm^{tGa tN mm) 
^tsi 1 im-r^ hy^ \^'{t^^^mmzx^Tm.^m 

Tit¥«f4:e2coiSS®A{c^Lrffl^f -SStcJ: 

[0 0 2 7] z<DmiRf^&mi2^^^mi^m3^<Dmmx 
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[0 0 2 8] ^intcij: or. Tm^mi^m2±i:mox 

[0 0 2 9J ^/c. ^mmi::.x^^^mi^mm(D{^(D~'m 
Mit. m2{c^(D~m(DWLmm^m^^-rxo{z.^ mx. 

-eco 1 ±® 6 a Jtlc. y^y^rmi ^"^Vi^X. ^ r 

[0 0 3 0] Mtc. *>t, i^^m\z.x.^^mvfnm:^{^ 

ic. ff'J;iffCEi^:7r-i'r. fo^iMlS i C J: ^9 

«6^WL. -^TiJO 1 ±Si6 a ±iC. ^< :7 t ^ 7 L 20 

T. T±IS^ 1 2^B;«L. ^(D±{c:7r-fe5/ h 1 ^^ia^U 
[0 0 3 1 ] ^/c. *l§9^{::J:^*3»*^tJII(OM 

^(c. ^b^bo I I 1 ]^-t--r N^-r Kcfc f9 >:c^£«6^ 

n/c I I im-t^ hv^ KJ: i9 4^5Tltii¥2^f$S2/p?f^ 

[0 0 3 2 ] ^/c. ^|g0^t^J:54^2^f$»M(7)M(Cftfl(7) 

[aS—dSt^^ift-^^^^T^-rJ: [g]l~|E]4 30 

3±(C;^/!;'>A (Ga) . T/U^^'^A (A 1 ) . 

^ (B) iyJ:t>Wv^'>A (I n) /j^tb/j:5i¥6':'9-^d-^ 
t£< thimco \ I iJ^^ig<>M^ (N) ct^-^tpi I 

m^LX^C^l^K Z(Dit'^m^m^msltC:}6\.^Xh. 

[0 0 3 3] ^mmi^x^^mi^mi^(Dmmmmn. m 

sts^ii^. -rfj:t>h'f^^Bxm^xoxmw^^n^mi'^ 
[0 0 3 4] ^/c, ^mm^z.x^^mi^m^(^m<Dmm 

h^mm. -tfj:t^h'^^^Bxmzx^xmm^^n^m 
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[0 0 3 5] f^. El2'-Il]8tCioV^T. Ml tMlt^ir^ 

^^^z.am-n^-^Hi.xmmmm^^^m-r^o 

[0 0 3 6 ] ±^^i.ti^mmcx^^mi^mmi~^. 

[0 0 3 7] ^^mi>cx^^mi^mmcommjym 
(D-mmmm^moioxnmi o^mmi.xt$imir^o 

g]9 At^^f J: ^{c, 0iJ;t^^*C®(/)i^^r-rr J: »9;xSc5 
mWie^mMl^. ^(7)CSf::J:^ 1 ^® 6 a Jit::, j?^ 
15"'JX-(i*3 0 nm(7)G a N J; *9 ^^''^ :X :7 r ^ 7 f^ijx 
f^MOCVDfeJCj: i9Mt@fig:S-rSo ^(DMOCVD 

i; ^^f^/^^y'y •^jtsy?;^;^ ( (ch3 ) 3 oa) tri^^^^ 
TI^T. (NH3 ) ^m^^^o 
[0 0 3 8] 'iK\^^x. z.(ry^<yyrmi nm^. 

(i'l 0 5 0°C<l:-r^o ^(^OTi&^^f*:® 2 {^(SD 

1=»S9^rm^6^t^^-rKilteffid;!i^ ^'Jx.(^l X 1 09 

[0 0 3 9] Ml/^T. 119 BtC^-TJ; o{z.^ ytt^i{£ig|$ 

7L\rf^^m^m2^L\z^mmz.. 5 

0°CTC VD&tC J:or f^'J;^(i*Bimf*<7:'S i O2 Jl^ff^ 
y>?^-V:x:y^V^LT?fM-t-So '^^^t>^. S i O2 

S i O2 m^^y'^>'i^ir^^t{:iXoX. 7^ h y 
>*l^ (|gl9tC^^V^Tlftffi<^B:^-r^^^p)) ClMfiLT 

?P^;55c^H. < 1 1 -2 o>:^(^tcHffiiorplPS^t)o-riE 

^11 $ tb/ctll/Tjc -r 5 :i i: /j^ -e # 5 „ 

[0 0 4 0] -^(Dm. mPLi-fTi^ h>' (CH3 COCH 
3 ) yl- (CH3 OH) J,CX^m^^n^\ M 

(C, #-|RLfciS^ (HC 1) ^tca^m.\^fzy ym (H 

[0 0 4 1] ^i.>-r. R!t^ii-(^:y:^y^'^i^' (R I 
E) (^J:oT-vy^^ 9<7)P?3Pf|59 wf^^iMtRW(::^:x^ 
>^'*-r^o S i 02 Jl{:iJ:5'7;^^g9 

2 LT ^>^::^'7!)^/j: $;txT»f®0iJxtf(5(^V^ 




13 

SS^R I EiilS^ffil/^T. BCl3 tN2 t^mif^x. 

1 5 W(/:)^<'7"-r\ 2 0 mlorrCO^i^Xn 0 Z t^^X^ 

5c ^<7)i: 9/<^R I E^tT9 :i<ir(::J:oT. <1-10 

mmm\z.MLx-rfj:t>hTi^^mi^m2{znLx 4 5° 
[0 0 4 2] ^<Dm. ^^^mi^m^mm^thfzmme^ 

yym. (HF) iC+^tC^L. «ffi(C|g#-r5S i 02 
[0 0 4 3] Z.(OX.o\z\^X\W^\t^ri. yy-^yhl 

mi¥\mj^ ^ tifz Tm^mt^m 2±iz^ mx. m o c v 

omi^cx^. fiip^DK/cCG a N^^e^^v'^'/^/*s-r 
^?tc:b^< 11-20 >:^mcr^oX'rfj:i:>-^Tm^^m 
tL5o z.(D^9:^nm.^^^z.t\z,x.<>x^n-r^y7 
thht^. z.(om.^^'^\z.nmir^tTm^m^m2(DW. 

it^i 0 5 0"c<^L. m^:^y^t\^xriy'=e=:-rify^t 

:^^mL^j:i^^h. ]^^mm:^mm4 mnmmt^j:^xo 

[0 0 4 4] ZCOXO^ZI^X. Hi 0 BM^-r J: 9 JC. 

fsi o[h^^n\^^{zmisb^A^xmm^'^W'm.it^tifcmtR 

[0 0 4 5] Z.(DXo^Z.l.xmr&LfzmtRf&'9:mi2:,^^ 

mi^ms^. mi&m,ihmumicxoxmmi.tit:LS. 
yr^y V i(DmxTm^mt^m2{c^fE-r^m{iLd 

itj^sftL. Tm^mitm2mm^. -t^j:io-hmm6 
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^ft:a3(C*5(t5j5^|5|&^*Sfl. 1x1 0^ /cffl2 (ciS'> 
[0 0 4 6] Li^c^Jj^oT. rcO^-g^glStC. Riitefe75^iii 

^¥#f*®3fi. S i O2 il^cDiStR/jJcgco-^^^^^^ 

-t^:Ltfsi<. -r'^^m^^m2hmmm\^x\i^^z.ti}- 

[0 0 4 7] :i(7)J: 9tcLT. 
^f$ji 3 ^W-t-6^«f*^5Sl4 0 ^?F^;«-r5 :i 

[0 0 4 8] -^mPi\z.x.^^mwnm(om.'^-^\^ 

[0 0 4 9] ^(7)i3^ij(c4b^v^r f^'Jx-f^cSi^:7T^r 

S+^l^fflEL. '[?iJ;t{^*MOC VDfetCj; . 3E® 6 a 
±(C0rJ;tf^ii:^ 3 0 nmOG a N J: <9 ^/ :7 r 2 

^ff^/s-rso z.(Dt^(omm^m%m^\^^2o''cb 

J^*4:t^*^(^ h y ;^^^w;t^'y '>Ay^';x. ( (CHa ) 3 

Ga) tTl^^:=-rily^ (NH3 ) ^ffll^^o /j^l^^-C\ 

(CLTG a N J: 0 ?i5T^t!iii 1 2 ^S^KfaS0iJx.ff 1 0 
30 5 0°C-T?2 n 

[0 0 5 0] ^^^yyymiVt. Igf^-C^S 

<!r^cC'5 tco-rfe;5„ z,(r>yi^m\ 2\t,'i^^^^y) f^^ ^ m 
/l;^r^{c®t/5Siiteii d /js 1 X 1 0^ flii/cm^ 

[0 0 5 1 ] • O^pmTiteii 1 2_b(c. >^T-lr y h/i^iS 

^ij^tL7tT±tii¥^f$:li^f^;«-r5fcy;>ic. (Hi 1 B 

^3gf*coiltR;7jc5^ff e>^dx.(^ S i O2 tcJ: 
^iltRiSfi-^;^^ 1 3 /?:$|3^iJ;tJj; 5 /z mT% <11 
40 - 2 0 >*[^(C^i;^5><. h^-r >^t^^/cCL, <1-10 
0 >::^fpl(Cl 2 /X m(De-;/^. f^fj ;t *I 5 )lx m . P^lPi 7 

^IR/SS-^;^^ 1 3coff^;55c(i. ^ijx.fi'c VD^tcj: »9 . 
St^rajSfisjx.{^4 5 OT:t*S i O2 ®^±®6^«cJFM 

y ^ V) V ^yy >(\:LX.^^<^ — '^z^y^'^^\ -r 

y^y'i)t(Dma 1 3 w^ffM-r^r i:(cj:or±aiU7t 

50 />^->-{cffM-r5 w<h;6^T'i:5o 
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[0 0 5 2] ^COfg. Tir (CH3 COCH3 ) t 

(CH3 OH) \cx^mi¥^n^^. 3E{C, # 
mLfz^m (HCl) ^/c(i;%f^Lfc:7>;/^ (HF) 

:7:yg^ (HF) {Z+^tCgL. il«^i*S-^;^i^ 1 3 (DP 

p 1 sw^mii^x^wzm^-t^Trnmi 2(Dmm\zji^ 

[0 0 5 3] -^com. m^f^^-^^^ 1 3^'^:^^{Z^ 
^<Dmn 1 3 w^aCT^KSPtcHMLTtTltiJ^ 1 2± 

{C. f^iJx.(^*MOC VD?i:(Cj: 19 . G a N J: «9 4^ 6 jiip^p® 

4^Tife^2$f*il2^. 1 3±{cMv>/j^-S-^^li:tu 

^T-fiSc-^^-tt-T. ^SS^®tcil^^/j:3^?f^4»t(7)< 1 1 

-2 0 >::^f^(::Mt/^;^ 1 /^^iB^ij^f^/Tg^tL. 

h^-f y'^i 1 (/)rS]fIiJ®f^ {1-101} fcJ:^c® 

Strait 1 0 5 0"C<t j[^.*i|';^;;^tc«iT>'^:=^r;^^';^ 
{^'Jx.tf. 1 0 y h/U/^t l/^^^i^COgftfiT'T 
J: h y p<^/i-;>^'y •>i^:;V^x:^fit;i;&L. ^IET^cioV^ 
[0 0 5 4]iEv>T. :7>;/@^ (HF) ic+^J-t^g-T :i <t 

{Cctor. iltR/*:^-^;^^ 1 3 ^^^tC^:y^>'y'|^^ 
-t^o -tcom. Ti?h> (CH3 COCH3 ) t?^l^y 

-/u (CH3 OH) i(Z.x^mt¥^n\^\ Mtc. 

igg^ (HCl) ^tzl'±^-mi^fz:7 (HF) tCl 0# 

r^TflSyf L/cco^. ^'Hfi7KtcJ: {9?!5tr^^tT9o 

[0 0 5 5] ^(Dm. ^co-yr-^^him^^m^fi^^ti 
fzTm^mi^m 2 ±{zmm^{z.^ ^«];ttfMoc vo^t^i 

X^. ii^D^pgcoG a N(c:J:^il^;S«SiA^^^f*il 3 

0 5 0°C^L. m^:^^^iia±T>^'=e^T:^:^th])^^ 
/u;^/y •^7i.;</;^^fflv^^o a(*6^{^fi. m:tit. loy 

;^y ^7i>.;^/>^^(ftf^L. -^BETtC^ol^TRiS^it^o :i 

m'=^mi^m 2 (Dm^m^zr^ o< 1 1-20 >:^7f^tc» 9 

1 r^icoft 1 0F^/j^iiis^iA^n67;i^. 
di 2 B{C7r:-t-j:9(c. Tm^mi^m2^±m^{zm^ 

XG a N(CJ:-5^®^W-t0ft:$tL)t^tRfi!tSSiZh^^^ 
f*;i3;6^l*S?fMi^tLS. 
[0 0 5 6] ro^)^t'&iC:^ol/^Tt. 3gi@m^SS«S^(cJ: 
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:y h 1 tcr^ILT ^ T y \- I xnm^{iL d (DM^T^^^ 

T'® ft L. Tm^mwm 2 (D^mM^-^^t>^w^ \tK£ 
mi 0 B-cift0.^Lyc:^i^it{c. nn-r^yr±y h 

10 -^(DmiiL/)-m^l.X±:^iiZMXIxn<o z.t{zX 

<^xmiRfi^&mi2<^^m»m3iiZ:i^i'f^xf&mmt. i 

X 1 0^ /cm^ tciS^-i-^o 

[0 0 5 7] L/c;?>SoT. ^IcD^-g-glStC, MiiteiS/O'ii^ 

^^(c:ft:?i-r^iii^!^f§«;Smi§Sc4^^^^-r^;6^ Z^tD^l 

tiho -tuT. z(DXoi,zi.xmf^^ritzmiKf^S:m^ 

^^mf^msit. S i Oz g^coiltf^;3K:^co-vy;^ 

20 [0 0 5 8] z<DXoizLx. mmxmm&m&^^i&x 
m&^mmm5:^mjiS.^ti^z.tt. m^B:^i±<D-rtihn 
m^tix\.^^fcdb{z^ mi^xM^oW<^miKf^9:mi2<^^ 
mitm 3 ^mi~h^mi^mm4 o ^mi^-r^ z t yy^x^ 
tzo L/c^^oT, :L(D^mi^mm4 o<DiS:xm^mmm 
5±{c^^g^$:^^fe5v^^i^^g*sgg^«;7)c■rs^^^* 
^^:$:f*:^f^(9iA*^(i\ m^x . mmm'\^(D^mt^mi^ 
^^\^^it,^mi^mm:^mf&-r^:it^-x^^o 
[0 0 5 9] :^mmzx^^mi^m'^i-±. m^^-xm^i^i^ 
/cm 1 8 -c^^ Ltimf^^z X 5 ^mii^mm 4o\zx<^ 

mmwma. mi si^z-^co-ma^wtmm^m^fr^-rxo 
{z^ ^^mw^itm^^mf^'t^-tr^x^^o zcnw^nz 

:fcl/^'C(:i. SCH (Separate Confinement Heterostruc 

ture) m^mi^i—'^-^m^.i.fzm^x^^o ^tz. 
z<Dm{zi6\^^xitm2{Z7fk{^tz ^m^nm 4 o _l 
i^i — ■^m'f-^i^^wmL^fzmfi^. h\^<am6iZ7r:L 
fz^mitmm4 o{z^n^^m{^ms\zio\^^x. ^^mw 
i^—^m^^mfi^i.fzm'^x^^^ 

[0 0 6 0] mi 3(C:^o^/^T. m 2 ^ XV^M 6 izMit-T 

40 ^g(55>(-ti. m-n^-^Hi^xmrnrnM^^m-r^tK 
ti^'rimi^'mm.m:^iinm<Dm 1(^=11^^1^ hS2 

1 . ^ 1 7 y 2 2 . ^1 (7);^^ KS 2 3 <!: ^Iti 

ii:g2 5. mz^ti'etim2mm.m(Dm2(D:^^^ ks2 

6 . ^2C7:)>:^ ^ :y KS 2 7 . =^ ^ ^ hJS 2 S f)mmn 

m^tixf$.^o 

[0061] 3n>^^^h@2 8±tC(i, m:titS i O2 
tCJ:5^^@2 9;0-®/5jc$n^o ^LT. Z.tih:^\:f^ 
50 ^v'-^yl-^giD-aitC, |feJt)i2 9filJ/j^?5|gl(7)=2>>57 



(10) 
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(OglP 2 9 w^iiCT. ir^^t>'hz.<r>mu2 9vj\z.mo 

[0 0 6 2] -(o^mw^Mi-. z.(Dmx*\±^m^wy^—^ 

m^^xximx ox%^mi^fztmm(o:)jmz.x^x. s 

OS i /j^^:!)PL/c n^G a N^fCj:^^ 1 0Orr>/7^ h 
S2 1 . ^ijx.(i'if:$ 0, 5 m ni(DS i ^^^:^DL/cnMA 
I G a N/1b^b(CJ:^^1 (D^J' ^ :y Kil2 2. C^iJx.«^J5:^ 

0. 1m rn(/:'S i f)^'^M^thfzrvm^G a N{Cj:||l (7) 

f^'Jx.fOT^ 3 nm(7:>ft^#:Fji,t . g:^4nm<:D^< 20 
li rgCOJ?^75S4 nmCOG a I n Ni!g;0^0<O#fi»^#F 
«itfc:J:5f&'ttS2 4;6^::nt:°^:^rv'-y/^;*S^n5o M 
(^^^l^-r^Jix.Ji'l¥$ 2 0 nm(OA 1 G a N{Cj:>5^W;5 
±m2 bt^=^\l^^^^y^Ji^J&&^rL. Z.(0±.\Z. ^tl^* 
tl p m(D:^m^(DM g ^^.:^3P L/c p §^<7)0iJ;t(^if:^ 0 . 
1 u mOOG a N(^J:5^2 0O^V Kg 2 6. f^'lxf^l?^ 
0. 5 M mCOpgJA 1 G a N/I:a%(Cj:6m2(7)^^ 5^ K 
Ji2 7. <|iJx.fi/?:$ 0. 5 M mOOpMcOG a Njl^aiCj: 
5 pS^(7)||2(?:)=r:/^>:^ hjl2 8 ^^5? 
/$:i:-t'^o 30 

[0 0 6 3] ±m(D^^F-mi^m 2 1 - 2 8 (^iJ;t(i*S 
ISr^itS 0 0~ 1 0 0 0°C<J: T/U^ ^':5'i^CDi^.Jfif;^' 

LT{i h y ;^f^yi-Tyu^:=i>>A:;^;V>c. ( (CHs) 3 
Al) . tJV ^M.o:>mm'tLXi'^h V ^"f-yi'tfV ^J>^:^ 
(S iH4 ) . ■^^'^>v/'^i.(DlF.*if:;(;'y?.<i: LTiifc:*^:^ 
= nv<>^^'^^j:iyU-v'^^,o/e7A;^X (M 

eCp2 Mg) ^t^^;^ = >^>-^ n^V^ v?^ -ylz-v'^^'^. 
^y^J^ily^ (Cp2 Mg) ^^n^'tLffll/^'5C<t;6^-e# 

[0 0 6 4] ^7t. fi!,^g2 9(l. (?iJx.il'C VDfttCj: 40 

(cj:oT?fM-r^o ^<50MP 2 9 w^iiCT^i h 
g2 8(C^2(Dm«3 2?r>r-^ y^itZWrn-r^hcOX 

zcomms 2(Dm}^i^. m:^^^^ y h^ymz 
^^xmr&-r^:zty)-x^ ::co®^fi. mmmm 
um\'{zm^ity 'A- h i-'v^:^ [^m^y^ yv^y^ 
{zx^xwmi^. "tcom. ±mmzm:titN \ :ifsxxj^A 
u^iiij^c^^L. ^om. i--:yy^ hm^m^-r^^ti^z. 

XoX Z(Di^i>:^y^ hm±i'CMS^tifzN i *dJ:I/Au^ so 



mils 2^?fMi-^o 

[0 0 6 5] <50ft. B 1 (Dmm 3 1 (7)ff^^Sf5{:::fcl > 

mmm2 9. V^::^ hil 2 8 . ^2(7)^ ^ :y K/i 
2 7 . H 2 O:;^^ Kil 2 6 , ^^im±m 2 5 . mm 2 
4. ||l(7);^>r 2 3:}6XX^mi<D^ ^ y KJl 2 2 ^ 

mjxm^mz.m^-r^, ^(^m. nm^i^^ ^ vm2 1 
Ti. A\^x,UAn^m^ti^kz.mixMm\^xm 

1 ^;om^si2 1 ^jF$fi)c-r-6o 

[0 0 6 6] ±i7e(?):3^ e^J? :3ri^^yl.;^g:i:4£:3g<2^jl 2 1 - 

2 8(1. M^zfiLfcJ: 9{CiltR;5)cfttliA;^^3gf$jl3(Cio 

^i7oWMmtL(D^mtmisf:>x^\^^z.ti)^h. -et^o^ate 

fficD^ft;55^^Tig:< . ^#(clll2ioJ:t/lI!6f:iio{t'5e 

^f5fe^itffli^5_b(CtlS'r'5^5^{C:fel/^Tfg:^PfS^^g^I 

[0 0 6 7] -r/^t)^. ±ai^:ol^^/$(::J:^m'g^. ;^ h ^ 
:7^:Kr^P 2 9 w^rilCT. H 2 3 2 . ^^^^ 

:^ hS 2 8--(7)=3>^^::J' h^TtC^oV^T. fg-f^S 2 4 

2(OmM3 2(D:=i>^ ^ j.^^ -t-^c^t?-b*fe«tM2 9 OOgl 

a 2 9 w^ff^/S-r^o 

[0 0 6 8] -^Ur. mi^3 l:fc<tU'3 2^Jf^;,g;LT 

[0 0 6 9] :i(^«^(cj:5^*ft:L-— !f-(c4yi/^r. 

^lioJ:t/|g2m<^5 3 l:^oJ:t>'3 2Pp1tCjiLi:^f^(:Oiilt^ 
tT9 ^ <t{Cj:orfSttii 2 4tCS»fc/j^^)fLA$tL. 

[0 0 7 0] ^cotll/75ctcJ:6^?^f*^^^^. -r4^io-«3 
® V ( c ff^/^Jc ^ . L - -r (Hi iSI ^ 

^m^D:itt'^x^h^ 

[0 0 7 1 ] mi ^^0^t^J:^^2^f$:^^. -60 

r^^m^mm^ o\z.^m^^—^-^mj^i.fzm^x. 
[0 0 7 2] :i (om^. ^mi^nm 4 0 (om^:^m±. 

mx.\imi i*3J:t>'IIli 2T'lftP^L7t;^f£^ti5:L .h/j^ 
1 3T'l^0^Lyhi:|f)1Sco+S;S*3J:t>'iliit:^j!fe^^^^<t 
[0 0 7 31 [g]l 4^C:^o^/^-C, HIS. IIl7^oi:t/llll 3 




(11) 
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[0 0 7 4] ^(Dmi^^^^xh. mi sii^x^^mwi^ 

[0 0 7 5] f^. ^^ma. -baa b/c0-d(ci5S^^n^t> 

r-^v h 1 ^?f^i7jci-^^^^/c «9 . -^60 >^ h^'Y37^i \ (n 
Mfi:fe'f^(i. < 1 - 1 0 0 >(^:^f^tcil^LT, { 1 1 
-2 2} (cJ:^Cffi{r^tL'C-r/j:;b^Tiffi4^^*ia 2(7) 

L 7t 75^ o r iS^|S(&«^;!S®i|c 4 jo J: U^te^teS'gffiW 5 O 

[0 0 7 6] ^/c. f?ijx.(f. [HI 3*3j:t/[g]l 4tC^oV^ 
#^^f*il2 1-2 Sco^mM/J^ _hai.^fii^i:o^ 20 

#frg<J:LT{i I I im-i-^ h'y^ h'it^m^mi^. -r 

[0 0 7 7] ^/c. ±37EL7tf?iJ-t;1i, SCHtSig. i^/jT 

2 4 ^tt/uT'^ 1 *5 J:t/m 2 (7)11 1 K 30 

^2 3^xxi2 emm^thfzmmt i^tim^xh^ 

tK K^/^^gaM^tL4^^DH (Double Hetero)^# 

[ 0 0 7 8] ^fc. ^^im^^x^^mi^m^it. ^mi^ 

f^i]x.flFET (Field Effect Transistor ; 
[0 0 7 9] ^fc. *|g0^(lJ:S^*^SIS{l. iidiU 40 

fe6i.^(i[i]i 4xmmi^fzmm^xujjm^x<:>x^m 

•r^-tiicx^xn^ztyf-x^^o 
[0 0 8 0] zcnm-^i^isi^xh. m^^c-TK^nti^m 
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[0 0 8 1] i^. 0ijx.tf^***a[e]ssige^=tSfig-r^ 

mmiiz.mf^^^i<^mhti^ho:>xafj:\,\ 
[0 0 8 2] DUK.x'ifc. ±m^mm(Dwmi^^i6i'^x 

i5^:^>— (Molecular Beam Epitaxy; MB E) t<D 

{^(D^^f$.^mz.X^f^^^^^:Lthx^^o mx.i'^ 

[0 0 8 3] 

V^T. yy-^y h Ixm^L. M^Z.^M't ^ ^ r ^ ^ h 

^*&S(cMd--^ii:5:i<!r;6sr*t>5:i^> ^fc. s i O2 
0. 1° &.T{^m^i't^::.t^^X^^^ti<cJ;:<:>X. M 

[Hi] ^^mii^x^^mitmM(D-mmm'm(D-w^\<D 
mmm^mxh^o 

im2] :^mM{cx^^m^mm(Di&(Dmmwm(D~m 
(ommm^mx^^^ 

m4] :$:mM{^x^^mi^mm(Diii(DmmMm(D--m 
(ommm^mx^^o 

im5] :$:^mi^::-x^^mitmm(Di^(Dmmwm(D~m 
(r>mmm^mxh^o 

(Dumm^mxh^o 

<Dm.mmmmxh^o 

(DWtmmmmx^^o 

m9] A-cfi, :$:^mii:ix^^mwmm(r>mm:f7m 

[mio] A46j:t/B(i. ^mmi^cj:^^mi^mm<Dm 
m:^&(D~'(DmMMm<D~'i¥\\(DT.mm {^(02) x-h 

[ui 1] A-c^i. -^mm\zx^^m^mm(om^ii 



(12) 
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[12121 A:fej:o'Bfi. -4^mm{zx^^mitmm<Dm 
[Hi 3] if^m\z.x^^m^^±m^o:>-m(r>mmm 

1- • •^Tir^'h. 2 - • • Tii!i*2^f$S 2 . 3 • • 
it, 5 • • • {S^Pfe^S^Sit. 6 • - • 7 • • • 10 
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^^:y:7r/l> 8 • • • ft:^^¥2^ft:/l. 9 • • • -^><^ 
9W---BSP. lO---fg. li---:^h^ 

1 2 • • • Tmm. 1 3 • • • m^f^"^-^:^^ . 

21 • • ' W>l(0:=i>^ ^ hm. 22- • .^ICO^^ 
y Vm. 2 3- • • ^ 1 C7);^V Kil, 2 4 • • • Stt 
2 5 ■ • • ^MbK-lhil. 2 6 • • • m2<r>iS>< K 
27 - • •||2(^^^:yK^. 28 - • - m2(D:=i 
^ hS. 2 9 • • • %mm. 2 9 w - • • llD. 3 
1 • • • |g 1 (OmM. 3 2- • • ^ 2 (DMM. d • • • 
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